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(57) Abstract 

A fluidized bed type reducing apparatus for reducing 
a fine iron ore of a wide particle size distribution includes a 
first fluidized bed type furnace (210) for a first reduction of 
only coarse/intennediate iron ores and a second fluidized bed 
type furnace (220) for the reduction of the iron ores of the 
first fluidized bed type furnace (210). A first cyclone (240) 
captures fine iron ore particles from the discharge gas of the 
first fluidized bed type furnace (210) and a second cycldne 
(250) captures those from that of the second fluidized bed type 
furnace (220). In a third fluidized bed type furnace (230) the 
fine iron ore particles are reduced which have been captured 
by the first and second cyclones (240 and 250). A third 
cyclone (260) captures the extremely fine iron ore particles 
discharged frorn the third fluidized bed type fumace (230) to 
recycle them to the third fluidized bed type fumace (230) 
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FLUIDIZED BED TYPE FINE IRON ORE REDUCING 
APPARATUS, AND METHOD THEREFOR 

FIELD OF THE INVENTION 

The present invention relates to a f luidized bed type 
reducing apparatus for reducing a fine iron ore of. a wide 
particle size distribution in a fluidized state, and a 
method for reducing the : fine iron ore by using the 
apparatus. More specifically, the present invention 
relates to a fluidized bed type fine iron ore reducing 
apparatus and a method therefor, in which the reduction is 
carried out by classifying the particle sizes of the fine 
iron ore, thereby minimizing the particle elutriation 
loss. 



BACKGROUND OF THE INVENTION 

In the current molten iron production lines, the 
blast furnace method forms the main stream:. Recently, the 
shaft type smelting reduction process using the pellets and 
lump ore has been commercialized to produce the molten 
iron. However/ the above two. processes have the 
restriction that only agglomerated raw materials can be 
used. 

In the blast furnace process, there is used a 
25 sintered ore which is made, by mixing coke (made from coal 
as a fual), a fine iron ore and an auxiliary raw material, 
tEeraBy'proauclng^ mo^ this~^ethod7 the 

facility for the pre-treatment of the raw material is 
increased, and in this connection, the environmental 
30 pollution problem has become serious .. Therefore, 
regarding this matter, the environmental regulation has 
been imposed. Meanwhile, in the shaft type . smelting 
reduction iron producing process, there are used the iron 
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ore pellets made from the fine ore as the raw material, or 
there are used the lump iron ore of limited sizes, to 
produce the molten pig iron. 

Thus in the blast furnace process or in the shaft type 
5 smelting reduction process, the fine iron ore cannot be 
directly used, but a pre-treatment has to be carried out. 
Therefore, the fluidized bed type smelting reduction 
process is calling the attentions as a means to replace the 
existing blast furnace method, because the fluidized bed 
10 type smelting reduction process can directly use the fine 
iron ore which is cheap and profusely buried. Therefore, 
studies on the fluidized bed type furnace are being briskly 
carried out. 

The smelting reduction process is divided into a pre- 

15 reducing stage and a final reducing stage. At the pre- 
reducing stage, the raw ore is pre-reduced into a solid 
state, while at the final reducing stage, the pre-reduced 
iron is put into a melter-gasif ier to produce a finally 
reduced pig iron. Generally, the pre-reducing stage is 

20 classified into moving bed type and a fluidized bed type 
based on the particle : sizes . It is known that the 
fluidized bed type is advantageous in the case of a. fine 
iron ore of a wide particle size distribution, because the 
fluidized bed type, furnace reduces the raw iron ore by 

25 means of the reducing gas within, the reducing furnace. 
That is, the fluidized bed type furnace is efficient in 
bed p-ermeabXlity"^ utiirzation'. ' " " 

An example of this fluidized bed type molten pig iron 
manufacturing apparatus is disclosed in Korean Patent No. 

30 117065 (1997), and this apparatus is illustrated in FIG. 
1. 

As shown in FIG. 1, the fluidized bed; type molten pig 
iron manufacturing apparatus includes: a first fluidized 
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bed type furnace IIP having a conical shape with a wide top 
and a narrow bottoih so. as to stably fluidize a fine iron 
ore of a wide, particle size distribution, for drying/pre- 
heating the fine iron ore under a bubble fluidizing state 
to improve the reduction rate and the gas utilization rate; 
a first cyclone 140. for collecting fine iron ore particles 
contained in the discharge gas of the first fluidized bed 
type furnace; a second fluidized bed type furnace 120 for 
pre-reducing the fine iron ore after its drying/pre-heating 
by the first fluidized bed type furnace; a second cyclone 
150 for collecting fine iron ore particles contained in the 
discharge gas of the. second fluidized bed type furnace; a 
third fluidized. bed type furnace 130 for finally reducing 
the fine iron ore after its pre-reduction by the second 
15 fluidized bed type furnace; a third cyclone 160 for 
collecting fine iron ore particles contained in the 
, discharge gas of the third fluidized bed type furnace; and 
a melter-gasifier 180 for melting-reducing the finally 
reduced iron of the third fluidized bed type furnace 130. 
20 Reference code 170 in the.drawing indicates, a iron ore 

hopper . 



10 



30 



However, in the conventional fluidized bed type pre- 
reducing furnace of FIG.I, the fine iron ore which has not 
been captured by the first cyclone 140 is discharged 

25 through a gas discharge hole, . with the result that the 
elutriation loss of the iron ore : is very large . 

larUcularJ._y,_^during_-the--p^^ 



the degradation phenomenon occurs mostly at the early stage 
of the reduction. .Therefore, a large amount of fine iron 
ore is elutriated af ter it is degraded:: during the first 
pre-reduction by the first . fluidized bed type, furnace no 
and during the mechanical degradatiori by %he fluidizing. 
.Thus the first cyclbne is overloaded, and therefore, the 



BNSCXJCID: <WO__0034S3tAl J_> 



wo 00/34531 



PCT/KR99/00729 



4 

separation of the iron ore from the discharge gas is 
inhibited, with the result that a large amount of fine 
iron ore is discharged together with the discharge gas, 
thereby increasing the loss. 
5 Further, when the reduced iron of a wide particle 

distribution, which has been finally reduced by the third 
fluidized bed type furnace 130, is fed into the melter- 
gasifier 180, the fine reduced iron particles are dropped 
to below the melter-gasif ier so as to be scattered away. 

10 A fluidized bed type reducing apparatus was disclosed 

by the present inventors under Korean Patent Application 
No. 97-71432. -In this apparatus also, there have been 
found the problems that the cyclones are overloaded by the 
fine particles coming from the final pre-reducing furnace, 

15 and that the efficiency is lowered. 

SUMMARY OF THE INVENTION 

The present invention is intended to overcome the 
above described disadvantages of the conventional 
20 techniques. In order to overcome the above described 
disadvantages of the conventional techniques, the present 
inventors have carried out studies and researches, for a 
long time, and based on the studies arid researches, the 
present inventors came to propose the apparatus of the 
25 present invention. 

Therefore it is an object of the present invention to. 

provide ~a- fifui-dized bed type- -fine - iron - ore * -redtlclng"' ~ 

apparatus, and a method therefor, in which the reduction 
is carried out by classifying the particle sizes so as to 
30 improve the reduction degree and the ga$ utilization rate, 
and so as to minimize the elutriatibn loss of the iron ore. 

In achieving the above object, the- fluidized bed type, 
fine iron ore reducing apparatus for reducing a fine iron 



BNSDOCIO: <WO i 



.0034S31A1J_> 



wo 00/34531 



PCT/KR99/00729 



5 



a 

10 



ore of a wide particle size distribution according to the 
present invention includes: a- first fluidized bed type 
furnace for carrying out a first reduction on only coarse 
/intermediate, iron ores among fine iron ores of a wide 
5 particle size distribution by forming a bubble f luidizing 
bed after their charge from a charging hopper, while 
making fine iron ore particles fly away; a second 
fluidized bed type furnace for carrying out a reduction for 
a second time on the coarse/intermediate iron ores 
discharged from the first fluidized bed type furnace; a 
first cyclone for capturing fine iron ore particles 
elutriated from the first fluidized bed type furnace; a 
second cyclone for capturing fine iron ore particles 
elutriated from the second fluidized bed type furnace; a 
15 third fine particle fluidized bed type furnace for carrlring 
out a second reduction on the iron ores captured by the 
first and second cyclones, by forming a bubble f luidizing 
bed; a third cyclone for capturing extremely fine iron ore 
particles from a discharge gas of the third fluidized bed 
20 type furnace. 

In another aspect of the . present invention, tlie 
fluidized bed type fine iron of^ reducing apparatus for 
reducing a fine iron ore of a wide particle size 
distribution according to the present invention includes: 

25 a first fluidized bed type furnace for carrying, but a first 
reduction on only coarse/intermediate iron ores. among- fine 

- -i^iL_Gras._of..a.-wdde--pa-rt-ieie--eize-di^ 

a bubble f luidizing bed after their charge from a charging 
hopper, while making fine iron ore particles fly away; a 

30 second fine particle fluidized bed type furnace for 
carrying out a first reduction, oh. the fine iron ore 
particles discharged from the first fluidized bed type 
furnace; a first cyclone for capturirig extremely fine iron 
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ore particles elutriated from the second f luidized bed type 
furnace; a third f luidized bed type furnace for carrying 
out a second reduction on the iron ores first-reduced by 
the first and second f luidized bed type furnaces, by 
5 forming a bubble f luidizing bed; a second cyclone for 
capturing an extremely fine iron ore elutriated from the 
third f luidized bed type furnace.. 

The present invention also provides a method for 
manufacturing a reduced iron by using the above described 
10 apparatus . 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above object and other advantages of the present 
invention will become more apparent by describing in detail 
15 the preferred embodiment of the present invention with 
reference to the attached drawings in which: 

FIG. 1 illustrates the conventional f luidized bed type 
■reducing apparatus for reducing a fine iron ore; and 

FIG. 2 illustrates an example of the f luidized bed 
20 type reducing apparatus for reducing a fine iron ore 
according to the present invention; 

FIG. 3 illustrates another examplis of the f luidized 
bed type reducing apparatus for reducing a fine iron ore 
according to the present invention; and 
25 FIG. 4 illustrates still another example of the 
f luidized bed type reducing apparatus for reducing, a fine 
iron._.or-e- according to ■ the- -present- -invention r" ^* 

DETAILED DESCRIPTION OF THE PREFERRjSD EMBODIMENTS " 
30 FIG. 2 illustrates an example of .the f luidized bed 

type reducing apparatus- for: reducing a fin^ iron ore 
according to the present: invention. 

As shown in FIG. 2, the. f luidized bed type fine iron 
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ore reducing apparatus 200 for reducing a fine^ iron ore of 
a wide particle size distribution according to the present 
invention includes: a first fluidized bed type furnace 210 
for carrying out a first reduction on only coarse/ 
intermediate iron ores among fine iron ores of a wide 
particle size distribution by forming a bubble fluidizing 
bed after their charge from a charging hopper 205, while 
making fine iron ore particles fly away; a second 
fluidized bed type furnace 220 for carrying out a reduction 
for a second time on the coarse/intermediate iron ores 
discharged from the first fluidized bed type furnace 210; 
a first cyclone 240 for capturing fine iron ore particles 
elutriated from the first fluidized bed type furnace 210; 
a second cyclone 250 for capturing fine iron ore particles 
15 elutriated from the second fluidized bed type furnace 220; 
a third fine particle fluidized bed type furnace 230 for 
carrying out a second reduction on the iron ores captured 
by the first and second cyclones 240 and 250, by forming 
a bubble fluidizing bed; and a third cyclone 260 for 
20 capturing extremely fine iron ore particles froin a 

of the third fluidized. bed type furnace 230. 
The first fluidized bed type fiirnace. 210 is 
cylindrical, and a first gas supplying pipe 253 is 
connected to the bottom of the furnace 210, for supplying 
25 the reducing gas into the reducing furnace, while a first 
gas distributor 212 is installed in the lower portion of 

Further, a first charging pipe 201 is connected to a 
side wall of the first fluidized bed type furnace 210, for 
supplying a fine iron ore from the charging hopper . 2 05. 
Further, a first discharge pipe 211 is connected to the 
side wall of the secorid fluidized bed type furnace 220, 
for discharging the pre.^reduced intermediate/coarse iron 



30 
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ores. 

The top of the. first f luidized bed type furnace 210 is 
connected through a first discharge gas discharging pipe 
213 to the first cyclone 240. 

Further, a first circulation pipe 241 is connected to 
th^. bottom of the first cyclone 240, for circulating the 
fine iron ore particles (which are contained in the 
discharge gas of the first f luidized bed type furnace) to 
the third f luidized bed type furnace 230. A fourth 
discharge gas discharging pipe 243 is connected to the top 
of the first cyclone 240, for discharging the discharge 
gas after the separation of the fine iron ore particles. 

The second f luidized bed type furnace 220 is 
cylindrical, and a second gas supplying pipe 271 is 
15 connected to the bottom of the furnace 220, while a second 
gas distributor 222 is installed in the lower portion of 
the furnace 220. , 

A first charging pipe 201 is connected to a side wall 
of said first fluidized bed type furnace, for supplying a 
fine iron ore from said hopper 205 to said first furnace 
210.. And a first discharge pipe 211 is connected to the 
side wall of the first fluidized bed type furnace 210, 
first fluidized bed type furnace 210, for discharging. the 
first-reduced intermediate/coarse iron ore particles from 
25 the first fluidized bed type furnace 210 to the second 
fluidized bed type furnace 220. 

- - -The top Gf the- secpnd- fiu^ 

is connected through a second discharge gas discharging 
pipe 223 to the second cyclone 250. 
30 A second circulation pipe 251 is connected to the 

bottom of the secc)nd cyclone 250, for circulating a fine 
iron ore particles (which are contained in the discharge 
gas of the second fluidized bed type furnace ; 220) to the 



20 
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third fluidized.bed type furnace 230. Further, a first 
gas supplying pipe 253 is connected to the top of the 
second. cyclone 250, for supplying the discharge gas after 
its separation from the fine iron ore particles . 
5 As shown in FIG. 2, the second circulating pipe 251 

conmiunicates to the first circulating pipe 241, and thus, 
the fine iron ore particles which are contained in the 
discharge gas of the second fluidized bed type furnace 220 
are supplied through the second and first circulating pipes 
10 251 and 241 to the third fluidized bed type furnace 230. 

The present invention is not limited to the above 
described structure, but the second circulating pipe 25i 
may be directly connected to the third fluidized bed type 
furnace 230. " 

15 The third fine particle fluidized bed type furnace 230 

includes an expanded portion 230a, a tapered portion 230b 
and a narrow portion 230c. 

Within the lower portion of. the narrow portion 230c, " 
there is installed a third gas distributor 232. Further, 
20 a third reducing gas supplying pipe 272 is connected to the 
bottom of the third fluidized. bed. type furnace 230 , for 
supplying a reducing gas. 

A third discharging pipe 231 is connected to the side 
wall of the narrow portion 230c (above, the third gas 
25 distributor 232), for discharging the. reduced fine iron 
particles from the third fluidized bed. type furnace 230 . 
— J'bfi.._expanded_portioa---2-3«a-oi^-t-he-th^^ 



30 



type furnace 230 is connected through a third discharge gas 
discharging pipe 233 to the third cyclone 260 . 

A third circulating pipe 261 is connected to the 
bottom of the third, cyclone 250/ for circulating the fine 
iron ore particles (which are contained in. the discharge 
gas of the third. fluidized bed type furnace 230) back to 
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the third fluidized bed type furnace 230. 

A fifth discharge gas discharging pipe 263 is 
connected to the . top of the third cyclone 260, for 
discharging the discharge gas after its separation from the 
5 fine iron ore particles. The fifth discharge gas 
discharging pipe 263 should be preferably connected to a 
fourth discharge gas discharging pipe 243. 

Of course, the fifth discharge gas discharging pipe 
263 may not be connected to a fourth discharge gas 
10 discharging pipe 243. 

Further, the first circulating pipe 251 extends down 
to the lower interior of the third fluidized bed type 
furnace 230 after passing through the expanded portion 230a 
of the third fluidized bed type furnace 230. 

The height of the first and second fluidized bed type 
furnaces 210 and 220 should be preferably 10 - 15 times as 
large as the inner diameter of them. The reason is as 
follows. That is, if the height is less than 10 times the 
inner diameter, the fluidizing of the iron ore particles 
is not efficient within the furnace, and therefore, even, 
the intermediate/coarse iron ore particles may fly aw^iy. 
On the other hand, if the height is more than 15 times the 
inner diameter, then the fine iron ore particles cannot 
efficiently fly. 

25 Meanwhile, the inner diameter of the narrow portion 

230c of the third fluidized bed type furnace 230 is just as 
-l-ar-ge -as- - the- inner -diamet«r-o^ -the- Bottom " of " the " tiper¥d" 
portion 230b. The inner diameter of the expanded portion 
230a is just as large as the inner diameter of the top of 
the tapered. portion 230b. 

The inner diameter of the expanded portion 230a should 
be preferably 1.5 - 2.0 times as large as the inner 
diameter of . the narrow portion, so that the gas f low 
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velocity can be reduced within the furnace while inhibiting 
the elutriation of the fine iron ore particles. 

The overall, height of the third fluidized bed type 
furnace 230 should be preferably 40 - 20 times as large as 
5 the inner diameter of the narrow portion , so that a 
sufficient fluidizing space can be secured, and that the 
elutriation of the fine iron ore particles can be 
inhibited. The height of the narrow portion 230c should be 
preferably 1.0 - 1.5 times as large as the height of the. 
10 expanded portion 230a. 

Meanwhile, the inclination of the tapered portion 
230b should be preferably 30 - 50° relative to the vertical 
line. 

FIG. 3 illustrates another example of the fluidized 
15 bed type reducing apparatus for reducing a fine iron ore 
according to the present invention. 

As shown in FIG. 3, the fluidized bed type fine iron 
ore reducing apparatus 300 for reducing a fine iron ore of 
a wide particle size distribution according to the present 
invention includes: a first fluidized bed type furnace 310 
out a first reduction on only coarse. 
/ intermediate iron ores among fine iron ores of a wide 
particle size distribution by forming a bubble fluidizing 
bed after their charge from a charging hopper, while 
25 making fine iron ore particles fly away; . a second 
fluidized bed type furnace 320. for carrying oiit a reduction 

fQr_ _a_ _se£Qad^4^iInfi„Qn. _th 

discharged from the first fluidized bed type furnace; a 
first cyclone 340 for capturing fine iron ore particles 
elutriated from the first fluidized . bed type furnace SIO; 
a second cyclone 350. for capturing fine iron ore particles 
elutriated from the secphd f luidiied bed type furnace 32 Q.; 
a third fine, particle fluidized bed type furnace 330 for 
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carrying out a second reduction on the iron ores captured 
by the first and second cyclones 340 and 350, by forming 
a bubble f luidizing bed; and a third cyclone 360 for 
capturing the extremely fine iron ore particles from the 
5 discharge gas of the third fluidized bed type furnace 330. 

The first fluidized bed type furnace 310 is 
cylindrical, and a first gas distributor 312 is installed 
within the lower portion of it. A first gas supplying pipe 
355 is connected to the bottom of the furnace 310, for 
10 supplying the discharge gases of the second and third 
fluidized bed type furnaces 320 and 330 as reducing gases 
into the first fluidized bed type furnace 310. 

Further, a first charging pipe 301 is connected to a 
side wall of the first fluidized bed type furnace 310, for 
15 supplying a fine iron ore and a flux such as lime stone 
from the charging hopper. Further, a first discharge pipe 
311 is connected to the side wall of the second fluidized 
bed type furnace 320, for discharging the pre-reduced 
intermediate/ coarse iron ores. 
20 The top of the first fluidized bed type furnace 310 is 

connected through a first discharge gas discharging pipe. 
313 to the first cyclone 340. 

A first fine ore ; supplying pipe 343 is connected to 
the bottom of the first cyclone 340, for supjplying the 
25 fine iron ore particles (which are contained in. the 
discharge gas of the first fluidized bed type furnace 310) 

- - ba ck - - to- -t he -first- - -f 1-Hi-di-z-ed— bed- type f urh-ace — 310 . ■ 

Preferably, the first fine ore supplying pipe 34 3 should 
be extended into the lower portion of the f irist . fluidized 
30 bed type furnace 310. 

A sixth discharge gas discharging pipe 344 is 
connected to the first cyclone 340, for discharging the 
discharge gas of the first fluidized bed type furnace 310 
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after its separation from the fine iron ore particles. 

A second fine particle supplying pipe 342 is connected 
to the first fine particle supplying pipe 343, for 
supplying the fine iron ore particles to the third 
5 fluidized bed type furnace -330. Between the first and 
second fine particle supplying pipes 343 and 342, there is 
disposed a first two-way valve 341. 

The second fluidizfed bed type furnace 320 is 
cylindrical, and a second gas distributor 322 is installed 
10 within the lower portion, of it. a second reducing gas 
supplying pipe 371 is . connected to the bottom of the 
. fuirnace 320. On the wall above the second gas distributor 
322, there is connected a first discharge pipe 311 for 
discharging the first-reduced intermediate/coarse iron ore 
15 particles from the first fluidized bed type furnace 310, 
and there is also connected a second discharging pipe 321 
for discharging the finally reduced intermediate/ coarse 
. iron ore particles. 

The top of the second fluidized bed type furnace 320 
20 is connected through a second discharge gas discharging 
pipe 323 to the second cyclone 350. . 

A third fine particle supplying pipe 353 is connected 
to the bottom of the second cyclone 350, for supplying the 
fine iron ore particles which are contained in the 
25 discharge gas of the second . fluidized bed type furnace 320. 
Preferably, the third fine particle supplying pipe. 353 

_shoiy^e_ext_e_nded_dawnJ^o--the-a^^ 

-i.f-'-H^'^^.^.^^ j'^?'^ ■type , furnacjs Jjto. : ...... , .' . [ . 

A fourth fine particle supplying pipe 354 is connected 
30 to the third fine particle supplying pipe 353, for 
supplying the fine iron ore; particles to the third 
fluidized bed type furnace 330.. Preferably, the fourth 
fine. particle supplying pipe. 354 should be extended down to 
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the lower interior of the third f luidized bed type furnace 
330. 

A second two-way valve 352 is installed at a 
connection portion between said third and fourth fine 
5 particle supplying pipes 353 and 354. 

A first reducing, gas supplying pipe 355 is connected 
to the second cyclone 350, for supplying the discharge 
gas as a reducing gas after its separation from the fine 
iron ore particles . The first reducing gas supplying pipe 
10 355 is connected to the bottom of the first f luidized bed 
type furnace 310. 

The third fine particle f luidized bed type furnace 330 
is cylindrical, and a first gas dispersing plate 332 is 
installed in the lower portion of it. A third reducing gas 
15 supplying pipe 372 is connected to the bottom of the third 
fine particle f luidized bed type furnace 330, for 
supplying a reducing gas . 

As shown in FIG. 3, in the case where the " reducing 
apparatus of the present invention is connected to a 
20 melter-gasifier 380, the second and third reducing gas 
supplying pipes 371 arid 372 should be. pref erably connected 
to the melter-gasifier 380 so as to use the discharge gas 
of the melter-gasifier 380 as a reducing gas. 

A third discharging pipe 331 is connected to the side 
25 wall of the third fine particle f luidized bed type furnace 
330, for discharging the reduced fine iron ore particles. 

Eurther-,- - a s econd- ~f i-ne particle - supplying- pip© ■342" "is ' 

connected to the side wall of the third fine particle 
f luidized bed type furnace .330, for supply ing . the fine iron 
30 ore particles which have been captured by the first cyclone 
340. 

The top of the third fine particle, f luidized bed type 
furnace 330 is connected through a third discharge gas 
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discharging pipe 333 to the third cyclone 360. 

A fifth fine particle supplying pipe 361 is connected 
to the lower portion of the third cyclone 360, for 
supplying the fine iron pre particles (which are contained 
5 in the discharge gas of the third fine particle fluidized 
bed type furnace 330) back to the third fine particle 
fluidized bed type furnace 330 » 

.A fourth discharge gas discharging pipe 362 is 
connected to . the top of the third cyclone 360, for 
10 discharging the. discharge gas after its separation from the 
fine iron ore particles. The fourth discharge gas 
discharging pipe 362 is connected to the first reducing gas 
supplying pipe 355. 

Meanwhile, the second and third reducing gas 
15 supplying pipes 371 and 372 should be preferably provided 
with first and second flow rate adjusting valves 375 and 
377 respectively. 

As shown in FIG. 3, in the case where the melter- 
gasifier 380 is installed, the second and third reducing 
.20 gas supplying pipes 371 and 372 are connected to the top of 
.. . Z*^^® "lelter-gasifier 380, and are also connected to a fifth 
discharge gas discharging pipe 383 which discharges the 
discharge gas of the melter-gasif ier 380. Further, a 
second discharging pipe 321 is connected to the itielter- 
25 gasifier 380 for the circulation of . the iron ore.. 

Further, a third discharging pipe 331 is . cohhected to 

ja_jm.el±.in.g_fJurnace-3-35— — - — , -r — ■- ■. '■ 

Oxygen (Oj) should be preferably supplied to the first, 
second and third reducing gas supplying pipes 355, 371 and 
30 . 372. 

In FIG. 3, reference code 381 indicates the molten 
iirpn, and 382 indicates the coal layer. • 

FIG. 4 illustrates still another example of the 
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fluidized bed type reducing apparatus for reducing a fine 
iron ore according to the present invention. 

As shown in FIG. 4, the fluidized bed type fine iron 
ore reducing apparatus 400 for reducing a fine iron ore of 
5 a wide particle size distribution according to the present 
invention includes: a first fluidized bed type furnace 410 
for receiving a reducing gas through its bottom, and for 
receiving a fine. iron, ore through a charging hopper 405 and 
first charging pipe 401, to carry out a first reduction on 

10 only coarse/intermediate iron ores among fine iron ores of 
a wide particle size distribution by forming a bubble 
fluidizing bed, while making fine iron ore particles fly 
away; a second fine particle fluidized bed type furnace 
420 with a wide top and a narrow bottom, for carrying out 

15 a first reduction on the fine iron ores discharged from the 
first fluidized bed type furnace, by forming a bubble 
fluidizing bed; a first cyclone 440 for capturing 
extremely: fine iron ore particles elutriated from the 
second fluidized bed type furnace, and for discharging the 

20 final discharge gas after its separation from fine iron ore 

.. particles; a third fluidized bed type furnace 430 for 
carrying out a second reduction on the ihtermediate /coarse 
iron ore particles first-reduced by the first fluidized bed 
type furnace and on the fine iron ore particles first- 

25 reduced by the second fluidized bed type furnace, by 
forming a bubble fluidizing bed; and a second cyclone 450 

- - £or -capturing— an - extremely- f ine iron--ore~conta-±B:ea " ■ in'-'a" 

discharge gas of the third fluidized bed type furnace 430,. 
to supply a part of it back to the third fluidized bed type 

30 furnace 4 30, while discharging the discharge gas through 
the top after its separation from the fine iron ore 
• particles . • ' 

A first gas supplying pipe 414 is connected to the 



BNSOOCIO: «WO CXI34S3IA1.I_> 



wo 00/34531 



PGT/ICR99/00729 



17 ' 

bottom of the first f luidized . bed type furnace 410, for 
supplying a reducing gas into the furnace 410, while a gas 
distributor 412 is installed in the lower portion of the 
furnace 410 . . 

5 To the side wall of the first f luidized bed type 

furnace 410, there are connected: a first charging pipe 
401 connected to a charging hopper for supplying a fine 
iron ore and a flux such as lime stone or the like into the 
f luidized bed; a first discharging pipe for discharging a 

10 first-reduced intermediate/ coarse iron ores into the third 
fluid4.2ed bed type furnace 430; and a first circulating 
pipe 415 for supplying the elutriated fine iron ore 
particles to the second f luidized bed type furnace 420. 
The first circulating pipe 415. is disposed above the first 

15 discharging pipe 411. 

The second fine particle f luidized bed type furnace 
420 includes an expanded portion 420a, a tapered portion 
420b and a narrow portion 420c, its top portion being wide 
and its bottom portion being narrow, 

.20 A second gas distributor 422 is installed within the 

narrow portion 420c, while a second reducing gas supplying 
pipe 427 is connected to the bottom of the second f luidized 
bed type furnace 420, for supplying the discharge gas of 
the third f luidized bed type furnace 430 as a reducing gas. 
25 To the side wall of the narrow portion 420c above the 

second gas distributor 422, there is connected a second 

dischsrging_.pip.e_42J.-f.o.E-di-s«^ha-rfing-^^he-^^^^ 



30 



iron ore particles. The second discharging pipe 421 
extends into a narrow portion 430c of the third fluidized. 
bed type furnace 430, and in this manner, , the second and 
third fluidized. bed type furnaces; 420 a?id 430 communicate, 
to each other for circulations of the iron ore. 

To the side wall of the narrow portion 420c above the 
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gas distributor 422, there is connected a first 
circulating pipe 415 for supplying into the second fine 
particle f luidized bed type furnace 420 the fine iron ore 
particles which have been elutriated f roni the first 
5 f luidized bed type furnace 410 and which have been captured 
by the first cyclone 440, The expanded portion 420a of the 
second, fine particle f luidized bed type furnace 420 is 
connected through a first discharge gas discharging pipe 
423 to the first cyclone 440. 
10 Below the first cyclone 440, a second circulating 

pipe 441 ■ communicates to ; the first circulating pipe 415, 
A second discharge gas discharging pipe 443 is connected to 
the top of the first cyclone 440, for discharging the 
discharge gas which has been separated from the fine iron 
15 ore particles* 

The third fluidized bed type furnace 430 includes an 
expanded portion 430a, a tapered portion 430b and a narrow 
portion 430c, its top portion being wide and its bottom 
portion being narrow. 
20 A gas distributor 432 is installed in the narrow 

portion 430c, while a third reducing gas. supplying pipe 
471 is connected to the bottom of the third fluidized bed 
type furnace 430, fori supplying a reducing gas. 

To the side wall of the narrow portion 43ac above the 
25 gas distributor 432, there is connected a first 
discharging pipe 411, and thus, the first-reduced 

int e-rmedi-at e-/ Goar s e -i-r on- -ore ^ . -which -are - outputtedr lTOlfi" the " 

first fluidized bed type furnace 410 are supplied to. the 
third fluidized bed type furnace 430. 
30 A fourth discharging pipe .431 is connected to the side 

wall of the third fluidized bed type furnace 430, so that 
the secpnd-reduced iron of this third fluidized bed type 
furnace 430 can be discharged to the outside. Preferably, 
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the fourth discharging pipe 431 should be connected through 
a screw conveyor 435 to the third fluidized bed type 
furnace 430, thereby discharging the reduced iron to the 
melter-gasif ier 480. 
5 The expanded portion 43.0a of the third fluidized bed 

type furnace 430 is connected through a third discharge gas 
discharging pipe 433. to the second cyclone 450. 

A circulating pipe 451 is connected to the bottom of 
the second cyclone 450. This circulating pipe 451 is also 
10 connected to: a third circulating pipe 454 for circulating 
a part of the fine iron ore particles (contained in the 
discharge gas of the third fluidized bed type furnace 430) 
back, to the third fluidized bed type furnace 430; and a 
, third discharging pipe 455 for discharging the rest of the 
15 fine iron ore particles to the outside. 

At the position where the circulating pipe 451/ the 
third circulating pipe 454 and the third discharging pipe 
455, are connected, there is installed a rotary gate 452 
which feeds a part of the fine iron ore particles (captured 
20 by the second cyclone 450) into the third fluidized bed 
^yP® furnace 430, and discharges the remaining part- to the 
. outside. 

A fourth discharge gas discharging pipe 453 is 
connected to the top of the second cyclone 450, far 
25 discharging the discharge gas after its separation from the 
fine iron ore particles. The fourth discharge gas 
_d.i.scMrging_pJ.p,e_.J5-3._com^ 
supplying pipe 414 of the first fluidized bed type furnace 
410, and to a second reducing gas supplying pipe 427 of 
30 the second fine particle fluidized bed type furnace. 420. 

Meanwhile, it .will be desirable to provide . a gas 
reforming system 460, so : that a part of the discharge gas 
of the first cyclone 440 can be reformed to circulate it to 
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10 



the first and second fluidized bed type furnaces 410 and 
420. 

In the case where the gas reforming system 460 is 
provided, it is made to communicate through a reformed gas 
supplying pipe 462 to the fourth discharge gas discharging 
pipe 453, and is also made to communicate through a 
discharge gas circulating pipe 461 to the second discharge 
gas discharging pipe 443.- 

Further, as shown in FIG. 4, the fluidized bed type 
reducing apparatus 400 according to the present invention 
should preferably include a melter-gasif ier 480 which 
receives the second-reduced iron from the third fluidized 
bed type furnace 430. to melt-reduce it into a molten iron. 
The melter-gasif ier, 480 is provided with a third 
IS cyclone 484, and this third cyclone 484 captures the fine 
iron ore particles from the discharge gas of the melter- 
gasifier .480 to circulate them back to the melter-gasif ier 
480. The discharge gas which has been separated from the 
fine iron ore particles is discharged through the top of 
20 the third cyclone 484 . 

The top of the melter-gasif ier 480 is connected 
through a fifth discharge gas discharging pipe .481 ■ to the 
third cyclone 484. 

A fourth circulating pipe 482 is connected to the 
25 bottom of the third cyclone 484, so that the fine iron ore 
particles contained in the discharge gas of the melter- 

,._gas.if i.er-A8.a xan-.±>e.:.ci-r-cu4ated--bae^^^ 

480. A third reducing gas supplying pipe 436 is connected 
to the top of the third cyclone 484, for discharging the 
30 discharge- gas. This third reducing gas supplying pipe 436 
is connected to the bottom of the third fluidized bed type 
furnace 430, for supplying the discharge gas of the 
melter-gasif ier 480 to the third furnace 430. 
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It is desirable to make the fourth circulating pipe 
482 communicate to the third discharging pipe 455, so that 
a part of the fine iron ore particles of the second cyclone 
.450 can be charged into the lower portion of the melter- 
5 gasifier 480. The third fluidized bed type furnace 430 is 
connected through a fourth, discharging pipe 431 to the 
meiter-gasifier 480, for circulation of the iron ore. 

Meanwhile, the heigh-t of the first fluidized bed type 
furnace 410 should be preferably 10-20 times as large as 
10 its own inner diameter. The reason is as follows. That 
is, if the height is less than 10 times, the fluidizing 
of the iron ore within the furnace cannot be efficient, 
and therefore, even the intermediate/coarse iron ore 
particles may fly into the second fluidized bed type 
15 furnace 420. On the other hand, if the height is more 
than 20 times, then the elutriation of the fine iron ore 
particles cannot be efficient.- 

.. -.Meanwhile, the inner diameters of the harrow portions 
420c and 430c of the second and third fluidized bed type 
furnaces 420 and 430 are maintained at the inner diameters 
°^ bottoms of the tapered portions .420b :ahd 430b, 

whilethe inner diameters of the expanded portions 420a and 
430a are maintained at the inner diameters of the tops of 
the tapered portions 420b and 430b. 

The inner diameters of the expanded portioris. 420a and 
430a should be preferably 1.5 - 2.0 times, as large,: as the 
imer_.diaraete,rs__Qf_the-.-narxow-poi^H-o^^^^ 



20 



25 



30 



flow velocity within the furnaces can be decreased so. as to 
inhibit the elutriation of the fine iron ore' particles . 

The overall heights of the :second and third fluidized 
bed type furnaces 420 and 430 should be preferably 10 - 25 
times as large as the inner diameters ; 6f the narrow 
portions, so that a sufficient fluidizing epace can be 
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secured, and that the elutriation of the fine iron ore 
particles can. be .inhibited. The heights of . the narrow 
portions 420c and 430c. should be preferably 1.0 - 1.5 times 
as large as the height of the expanded portions . 420a and 
5 430a. 

Meanwhile, the inclination of the tapered portions 
420b and 430b should be preferably 3.0 - 50^ relative to the 
vertical line. 

Now the method f dr manufacturing a reduced iron by 
10 using the fluidized bed type reducing apparatus according 
to the present invention will be described. 

First the method will be described by referring to the 
. . fluidized bed type reducing apparatus of FIG. 2. 

A fine iron, ore is charged from the charging hopper 
15 205 through the first charging pipe 201 into the first 
fluidized bed type furnace 210. Of this fine iron ore, 
the fine iron ore particles are flovm away, while the 
■intermediate /coarse iron ores are first-reduced by forming 
a bubble f luidizing bed within the first fluidized bed type 
20 furnace 21.0 by the action of the reducing gas which has 
been introduced through the first gas .supplying pipe 253 
..and has passed through the first gas distributor 212 . 

The intermediate/ coarse iron ores which have been 
first-reduced by the first fluidized bed type furnace 210 
25 are supplied through . the first discharging pipe 211 into 
the middle portion of the fluidized bed of the second 

f luidized -bed- -type -f u-rn^^ 

second time by the reducing gas which has been supplied 
...through the second gas supplying pipe 271., 
30 In the second fluidized bed type furnace 220, the 

fine iron ore particles are flown loaded in the discharge 
gas like in the first fluidized bed type furnace 210. 

Meanwhile, the fine iron ore particles which have 
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been flovm from the first and second fluidized bed type 
furnaces 210 and 220 are separated from the gas by the 
first and second cyclones 240 and 250. Then the fine iron 
ore particles are supplied through the first circulating 
5 pipe 241 and the second circulating pipe. 25.1 into the third 
fine particle fluidized bed type furnace 230/' and are 
reduced for a second time by the reducing gas which has 
been introduced through the third gas supplying pipe 272. 
The extremely fine iron ore particles which have been 

10 flown loaded in the gas from the third fine . particle 
fluidized bed type furnace 230 are separated from the gas 
by the third cyclone 260, and then, are circulated 
through the third circulating pipe . 261 back to -the third 
fine particle fluidized bed type furnace 230. 

15 The risduced iron which has been reduced, twice by the 

second and third fluidized bed type furnaces 220 and 230 is 
finally discharged through the second and third discharging 
pipes 221 and. 231. 

In the present invention as described above, the 

20 third fine particle fluidized bed type furnace 230 is 
provided as a. fine iron ore reducing .furnace -for reducing 
the fine iron ore particlfes which havg been discharged from 
the first and second cyclones 240 and 250. The cyclones 
have a sufficient fine particle capturing capability, and 

25 therefore, the dust content in the gas is greatly lowerfed, 
with the result that an effective treatment of the fine 

_ iKin.Jjare_par±.icles— is---EeGde-E«dh-^ — '■ '■- - — 

Meanwhile, the gas flow velocity within the first and 
second fluidized bed type furnaces 210 and 220 should be 

30 preferably 1.2 - 2.5 times as fast as the minimum 
fluidizing velocity of the iron ore particles which stay 
within the furnaces. In this manner ^ the. separation of 
the fine iron ore particles from the intermediate/coarse 
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particles can be efficiently carried out, as well as 
promoting their movements . 

The gas flow velocity within the third fine particle 
fluidized bed type furnace 230 should be preferably 1.2 - 
5 2*0 times as fast as the minimum fluidizing velocity of the 
iron ore particles which stay within the furnace. 

Now the method for reducing a fine iron ore by using 
the apparatus according to the present invention will be 
described by referring to the fluidized bed type reducing 

10 apparatus 300 of FIG. 3. 

The fine iron ore is charged into the first fluidized 
bed type furnace 310, and the reducing gas of the first 
furnace 310 is the discharge gases of the second and third 
fluidized bed type furnaces 320 and. 330 • Under this 

15 condition, if the target temperature of the first 
fluidized bed type furnace 310 cannot be attained by the 
discharge gases of the second and third fluidized bed type 
furnaces 320 and 330, then oxygen is injected to raise the 
temperature of the reducing gas, thereby adjusting the 

20 internal temperature of the first fluidized bed type 
furnace 310. 

In the conical first fluidized bed type furnace 310, 
the coarse/intermediat'e iron ore particles are first- 
reduced by the reducing gas incoming through the first 
25 reducing gas supplying pipe 355, but also a degradation 
phenonvenon occurs, thereby steeply increasing the content 
of- the fln'ii "iTo pafficIesT" "ST^^ 

particles are captured by the first. cyclone 340. 

At the: initial stage of the operation, the first two- 
30 way valve 341 is opened toward the first fluidized bed type 
furnace 3i0, so that the fine particles of the first 
cyclone 340 can be recycled. However, upon reaching the 
normal . operation stage with a constant height df the 
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fluidizing bed, the first two-way valve 341 is opened 
toward the third fine particle fluidized bed type furnace 
330 to feed the fine particles into the third fluidized bed 
type furnace 330. m this manner, the. fine iron ore 
particles are treated without recycling then, when they are 
steadily outputted from the first fluidized bed type 
furnace 310. Thus the load of the first cyclone 340 is 
alleviated, so that it can show a good efficiency. 

The discharge, gas which has been separated from the 
fine iron ore particles by the first, cyclone- 340 is 
scrubbed to remove the dusts by the help of a wet type dust 
remover 390. 

Meanwhile, the first-reduced intermediate/coarse iron 
re ores which have not been flown away at the first 
fluidized bed type furnace 310 are supplied to the second 
fluidized bed type furnace 320 so as to be finally reduced, 
under this condition, :if the reducing gas does not attain 
.to the target temperature at the second fluidized bed type 
furnace 320, then oxygen is injected to adjust the 

20 temperature of the second fluidized bed type furnace 320. 

The fine iron: ore particles Which are contained in the 
discharge gas of the second fluidized bed type furnace 320 
are captured by the . second cyclone .350, and are circulated 
by opening a second two-way valve 352 toward the second 
25 fluidized bed type furnace 320 at the initial operation 
stage. However, at the, normal operation stage at which 

th.e_f.l.uidi,zing-.^ed^raaiHfeaiQs--a--con-staiit:lis-3^^ 

furnace, the second two-way valve 352 is opened toward the 
third fine particle fluidized bed type furnace 330, so 
that the pre-reduced fine iron . ore particles can be 
supplied to the third fluidized bed typ^ furnace 330. That 
is, the reduced ..fine iron ore particles are not circulated 
to the second fluidized bed type furnace 320, and thus. 



30 
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the fine iron ore particle capturing capability of the 
second cyclone 350 is improved, thereby making it possible 
to efficiently remove the fine particles from the discharge 
gas. Meanwhile, the intermediate/coarse iron ores which 
5 have not been flown away at the second fluidized bed type, 
furnace 320 are finally reduced and outputted to the 
melter-gasifier 380 by which they are melt-reduced into a 
pig iron* 

Meanwhile, the fine iron ore particles which have 

10 been captured by the first and second cyclones 340 and 350 " 
and which have been supplied into the third fine particle 
fluidized bed type furnace 330 are finally reduced by the 
discharge gas of the melter-gasif ier • 380, which is 
supplied through the third reducing gas supplying pipe 372. 

15 If this reducing gas (discharge gas) does not attain to the 
target temperature, then oxygen is injected to raise the 
temperature, thereby adjusting the temperature of the 
third fluidized bed type furnace 330 • 

The fine particles which are contained in the 

20 discharge gas of the third fluidized bed type furnace 330 
are captured by the third cyclone 360 to be circulated to 
the third fluidized bed type furnace 330. The reduced fine 
iron particles which are discharged from the third fine 
particle fluidized bed type furnace 330 are supplied into 

25 the melter-.gasifier 380 together with oxygen by the help of 
the melting burner 335. Thus they are hot flown away from 

■ " ineiter-gasifier - 380, - ---^^5^^-:---^^-;---^ 

manufactured into a molten pig iron. 

The discharge gas (to be used as a reducing gas) of 

30 the melter-gasifier 380 is distributed to the second and 
third fluidized bed type furnaces 320 and 330, while the 
flow rates of this discharge gas are adjusted by the flow 
rate adjusting valves 375 and 377. 
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Meanwhile, the gas flow velocity within the first and 
second fluidized bed type furnaces 310 and 320 should be 
preferably 1.5 - 1.7 times as fast as the minimum 
fluidizing velocity of the iron ore particles which stay 
5 within the furnaces, in this manner, the reduction of the 
particles can be efficiently carried out, as well as 
promoting their movements . 

The gas flow velocity within the third fluidized. bed 
type furnace 330 should be preferably 1 . 3 - 1.5 times as 
10 fast as the minimum- fluidizing velocity of the iron ore 
particles which stay within the furnace, thife velocity 
range being the optimum velocity of the bubble fluidizing 
bed. ' 

Further, the internal reducing gas temperature of the 

15 fluidized bed of the first fluidized bed type furnace 310 
should be preferably 750 - 800«»C for an efficient iron ore 
reduction. The reducing gas temperature of the fluidized 
bed of the second and third fluidized bed type furnace 320 
and 330 should be . preferably. 840 .- 860<*C. 

20 As diascribed above, when the first and second 

f luidized .bed .type furnaces. ; 310 and 32.0 enter into the 
normal operation stage with a constant height 6£ the fine 
iron pre . fluidized bed, the first and second two-way 
valves are opened toward the third fine particle fluidized 

25 bed type furnace 330 . Accordingly, the fine partigle 
c^turing capabilities of the first and second cyclones 340 

. aad-35^-aieeriivai-ntaitted^-a^^^ 

a low content of: the fine particles within the discharge 
gas is realized, thereby making it possible to efficiently 

30 treat the. fine iron ore. 

.Now the method for reducing a fine iron ore by using 
the apparatus of ^IG. 4 according to the present invention 
will ise. described. 
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Of the iron ores which have been supplied from the 
charging hopper 405 through the first charging pipe 401 
into the first fluidized bed type furnace 410, the fine 
iron ore particles are flown away, while the intermediate 
5 /coarse iron ore particles are reduced for a first time by 
a reducing gas (incoming through the bottom of the furnace) 
by forming a bubble fluidizing bed. 

The fine iron ore particles which have been flown from 
the first fluidized bed type furnace 410 are supplied 
10 through the first circulating pipe 415 into the second fine 
particle fluidized bed type furnace 420.. This fine 
particles form a bubble fluidizing bed together with the 
reducing gas incoming through the bottom of the furnace/ 
so as to be reduced for a first time. Meanwhile, the 
15 extremely fine iron ore particles which have been . flown 
contained in the discharge gas of the second fine particle 
fluidized bed type furnace 420 are separated from the 
discharge gas by the first cyclone 440, and are circulated 
through the second and first circulating pipes 441 and 415 
20 to the second fine particle fluidized bed tj^e furnace 420. 

Meanwhile, a part of the discharge gas which has. been 
separated from the iron ore particles by the first cyclone . 
440 is finally discharged through the second discharge gas 
discharging pipe 443 to the outside, . while the rest is 
25 circulated through, the discharge gas circulating pipe 461 
to the gas reforming system 460 depending on needs. After 
be-i-ng--ref0dnned>- --th 

gas supplying, pipe 462 to the first and second fluidized 
bed type furnaces 410 and 420. 
30 The iron ores which have been reduced for a first time 

by the first and second fluidized bed type furnaces 41.0 and 
420 are supplied through the first: and second discharging 
pipes 411 and 421 to the third fluidized bed type furnace 
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430 so as to be reduced for a second time by a reducing, gas 
by forming a bubble fluidizing bed. 

The extremely fine iron ore particles vhich have been 
flown contained in the discharge gas of the third fluidized 
5 bed type furnace 430 are separated from the discharge gas 
by the second cyclone 450. A part of them is circulated 
through the circulating pipe 451, the rotary gate 452 and 
the third circulating pipe 454 to the third fluidized bed 
type furnace 430, -while the rest of them are supplied 

10 through the circulating pipe 451, the rotary: gate' 452, 
the third discharging . pipe 455 'and the fourth." circulating 
pipe 482 to the melter-gasif ier . 480 or the outside. 

Meanwhile, the discharge ;ga.s which has been separated 
from the fine iron ore particles by the second cyclone 450 

15 is supplied, as a reducing gas through the fourth discharge 
gas discharging pipe 453 to the first and second fluidized 
bed type furnaces 410 and 420 to form a fluidizing bed 
there. 

The iron ore which has been reduced for a second time 
by the . third fluidized bed type furnade 430- is. either 
discharged through. ..the fourth discharging pipe -431 "tp the 
outside, or is supplied to the melter-gasif ier Vao'.to be 
melted so as to be manufactured into a pig iron. 

The extremely fine iron ore particles which have been 
flown contained in the discharge, g^s. of the melter-gasif ier 
480 are separated from the discharge gas by the .third 
......_cy-cioiie-4*4-^be-circtrl-aired--i:hrcni^ 

pipe 482 back to the melter-gasif ier 480. The discharge 
gas which has been separated . from the . fine iron ore 
30 particles is supplied through the third reducing gas 
supplying pipe 436 to. the third fluidized bed type f iirnace 
430 as. a reducing and fluidizing gas. 

Meanwhile, the gas flow velocity within the. first 



20 



25 

480 
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fluidized bed type furnace 410 should be preferably 1.2 - 
3.5 times as fast as the minimum fluidizing velocity of the 
iron ore particles which stay within the furnace. In this 
manner, the reduction of the intermediate/coarse particles 
5 can be efficiently carried out, as well as promoting their 
movements'. 

The gas flow velocity within the second and third 
fluidized bed type furnaces 420 and. 430 should be 
preferably 1.2 - 2.5 times as. fast as the minimum 

10 fluidizing velocity of the iron ore particles which stay 
within the furnaces . 

In the case where the reduced iron is manufactured by 
using the apparatus of the present invention, the 
intermediate/coarse iron ore particles which have been 

15 first-reduced by the first fluidized bed type furnace 410 
are supplied into the third fluidized bed type furnace 430 
• through the first discharging pipe 411 which extends to. the 
middle level of the fluidizing bed of the third fluidized 
bed type furnace 430. The f ine • iron ore particles which 

20 have been first-reduced by the second fluidized bed type 
f urnace 420 are supplied to the third f luidizetf bed type 
furnace 430 through the second iiischarging pipe 421 which 
extends to the bottom of the fluidizing bed of the third 
fluidized bed type furnace 430. That is, the supplying 

25 positions of the fine and intermediate/coarse iron ore 
particles are different. The reason for this is as 
-f ollows-; - "M" the' f ine 'Tron o^^ aFe " supFTliedT"© 'a 

position same as that of the intermediate/coarse particles, 
then they. cannot have a sufficient staying time within the 

30 third fluidized bed type furnace 430, but can be flown 
away. Therefore, the supplying position for the fine. iron 
ore particles is made lower than that of the intermediate 
/coarse iron ore particles,.. so that the fine iron 
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10 



15 



particles can have a sufficient staying time for a second 
reduction . 

Further, in the apparatus of the present invention , 
the' intermediate/ coarse iron ore particles which have been 
second- reduced by the third fluidized bed type furnace 430 
are transferred to the screw conveyor 435 which is disposed 
below the third fluidized bed type furnace 430, so as to 
be supplied through the fourth discharging pipe 431 to the 
melter-gasifier 480. Further, the fine iron ore particles 
which have been second-reduced by the third fluidized bed 
type fuirnace 430 and flown therefrom are separated from the 
discharge gas by the second cyclone 450. A part of them is 
circulated to the third fluidized bed type furnace 430, 
while the rest are supplied through the third discharging 
pipe 455 to the melter-gasifier 480. The third discharging 
pipe.45S is, connected to the fourth circulating pipe 482 
which circulates the fine iron ore particles (which have 
been flown from the melter-gasifier 480 and captured by the 
third cyclone 484) back to the melter-gasifier 480 . 

In the present invention as. described above, the f ine 
iron pre particles and this intermediate/ cociirse iron ore 
particles aire separately reduced, . and they are charged 
separately. Therefore, . the fine particle capturing 
capabiO-ities of the cyclones, are improved, thereby 
minimizing the elutriation loss of the fine iron pre 
particles . 

— F-l^-'—S-,- ^- ~and--4-Tr]:l>aBtrat:e~tTO^^ fluidized "bid 

type reducing apparatuses, but the present invention is 
not limited to the two-stage apparatus, but can cover a 
30 threfe-Stage apparatus and muiti- stage apparatuses. 

Now the present invention will be described based on 
actual examples. 



20 
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<Exaiuple 1> 

The pre-reducing apparatus of FIG. 2 was used, and 
the sizes of the fluidized bed type furnaces were as shown 
in Table 1 . The chemical composition and the particle size 
5 distribution were as shown in Tables 2 and 3, and the 
conditions of Tables 4 and 5 were adopted in carrying out 
the reducing experiments . 



<Table 1> Inner diameters and heights of the fluidized bed 
10 type furnaces 





Furnace 


Size 




First Furnace 


Inner diameter: 0.5 m 


15 




Height: 5.0 m (abovie the gas 






distributor) 




Second furnace 


Inner diameter: 0.5 m 






Height: 5.0 m (above the gas 






distributor) 


20 


Third furnace 


ID of narrow portion: 0.3 m 






ID of expanded portion: 0, 6 m 






Height of narrow portion: 3 in 






(above the distributor) 






Height of expanded portion: 3 m 


25 




(from bottom of tapered portion) 



<Table 2> Chemical composition of raw iron ore 



Ingredient 


T.Fe 


FeO 


SiOj 


AI2O3 


Mn 


S 


P 


Moisture 




63,49 


0.37 


4.32 


2.33 


0.05 


0.007 


0;063 


5.41 
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<Table 3> Particle size distribution of 



raw iron ore 



size 
(am) 


<0.125 


0.25-0.125 


0.5-0.25 


1-0.5 


3-1 


.5-3 


5-8 


8-10 


wt% 


14.5 


10.0 


9.1 


9.2 


22.2 


17.5 


io.4 


7.1 













<Table 4> Conditions of reducing gas 



10 



Gas compo s it i on 


CO: 65%, Cpg: 5%, 25%, .Ngi 5% 


Temperature 


750 - 850*»C 


Pressure 


1.5 - 2.0 Kgf/cm2 



15 



<Table 5> Gas flow within the fluidized bed type furnaces 



20 



25 



Furnace 


Magnitude 


First furnace 


Flow velocity: 2.5 m/s. 


Second furnace 


Flow velocity: 2.5 m/s 


Third furnace 


Flow velocity in narrow portn: 0.4 m/s 
Flow velocity in expanded portn: 0.1 m/s 



expef Sjtfentsj ' wiF4~" carrllid "ITiit it the 
conditions of the above tables. Then it was found that the 
30 reduced iron began to be. discharged at 60 minutes after the 
charging of the iron ore from the hopper into the first 
fluidized bed type furnace. m the case of the 
intermediate /coarse iron ores at the second fluidized bed 
type furnace, the average reduction rate was 88. -. 92%. At 
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the third fine particle fluidized bed type furnace/ the 
average reduction rate was 86 - 90%. The average gas 
utilization rate was 30 - 35%, and the gas consumption 
rate was 1350 ~ 1500 NmVt-ore, while the elutriation rate 
5 was less than 5%. Thus a good result was obtained. 

< Example 2> 

A reduction experiment was carried out by using the 
reducing apparatus of ^^IG. 3 having dimensions as entered 
10 below. Then the elutriation rate and the dust content in 
the discharge gas were measured, and the results are shown 
in Table 6 below. . 

1) Dimensions and conditions of the reducing apparatus 
A. Conical first; and second fluidized bed . type 
15 furnaces 

- ID of narrow portion: 0*3 m 

_ ID of expanded portion: 0.7m 

- Conical angle: 4 degrees 

- Height of tapered portion: 4.0m 

'20 - Height of cylindrical portion: 2.5 m 

- Flow velocity: 1.2 m/s 

- Pressure: 1.8 Kgf/cm^ (first furhace), 

2.0 Kgf/cm^ (second furnace) 

25 B. Third fine particle fluidized bed type furnace 

. - ID: 0.25 m . ' 
" - -Height (above- gas^ distributor yr^:^ — 

- Flow velocity: 0.2 m/s 

- Pressure: 2.0 Kgf/cm^ 



3D 



C. Raw materials 

a. Fine iron ore (^8 mm) 

- Chemical composition: 62.17% of T.Fe/ 0.51% of 
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FeO, 5.5% of SiO^, 0.11% of TiO^, 0.05% of Mn, 0.012% of S, 
0.65% of P, and 2.32% of crystalline water 

- Particle size distribution: -0.05 imn: 4.6%, 0.05- 
0.15 mm: 5.4%, 0.15-0.5 iran: 16.8%, 0.5^4.75 imti: 59.4%, 
5 and 4.75-8 nun: 13.8%. 



10 



b. Gas 

- Chemical composition: 65% of CO, 25% of Hg, 5% of 
COj, and 5% of Ng 

- Gas temperature: second and third furnaces: 850 «»c, 
and first furnace: 780°C 



< Table 6> 



15 



20 



30 





Conditions 


Dust content 
in gas 
(g/Nm^) 


elutriation 
rate 
(%) 


Exp 1 


Not via third furnace 


2.5 


0.41 


Exp 2 


Via third furnace 


0.7 


. P .11 



In the above experiments, it was found that the dust 
content was greatly decreased by passing through the third 
25 fine particle f luidized bed type furnace, thereby 
drastically reducing the elutriation loss of the iron ore 
particles. The gas utilizatibn rate was 30 - 35%, .and the 
^g?:.?:.£^s^Ptij?A_rat^^ 



ore particles which were supplied from the conical first 
f luidized bed type furnace to the conical second f luidized 
bed type furnace showed a reduction rate of 30 - 40%, 
while the reduced iron particles which were supplied frol 
the second f luidized bed type furnace to the melter- 
gasifier showed a reduction rate of 80 - 85%. The fine 
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iron particles which were discharged from the third 
fluidized bed type furnace showed a reduction rate as high 
. as about 9 0%. Thus it was seen that the reduction rate was 
further improved by employing the third fluidized bed type 
5 furnace. 

<Exainple 3> 

In manufacturing a reduced iron/ there was used the 
reducing apparatus of FIG- 4 with the sizes of Table 7. 
10 The chemical composition and the particle size distribution 
were as shown in Tables 8 and 9, while the reducing 
conditions were as shown in Tables 10. and 11. . 



<Table 7> Inner diameters ^nd heights of the fluidized 
15 bed type furnaces 





Furnace 


Size 




First Furnace 


Inner diameter: 0.2 m 


20 




Height: 4.0 m 




Second furnace ; 


ID of narrow portion: 0.4m 






ID of expanded portion :0.8m. 






Height" of narrow portion: 3.5 m (above 






the gas distreibutor ) : 


25 




Height of expanded portion: 3.5 m 






(from bottom of tapered portion) 




Third lEurnacie^ ■ 


ID. p£ harrow jpbrtion: 0.3 m 






ID of expanded portion: 0.6 m 






Height of narrow portion: 3 m 


30 




(above the dispersing plate) 






Height of expanded portion: 3 m 






(from bottom of tapered portion) 
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<Table 8> Chemical composition of raw iron 



5 



Ingredient 


T.Fe 


FeO 


SiOj 


AI2O3 


Mn 


S 


P 


Moisture 


wt% 


63.49 


0.37 


4.32 


2.33 


0 .05 


0.007 


0.063 


5.41 



<Table 9> Particle size distriiaution of raw i 



10 


Pi size 
(mm) . 


<0.125 


0.25-0. 125 


0.5-0.25 


1-0.5 


3-1 


5-3 


8-5 




wt% 


15 . 0 


10.2 


10.1 


10.2 


23.9 


18.6 


12 . 0 



<Table ip> Conditions of reducing gas 





Gas composition 


CO: 65%, CO2: 5%, H^: 25%, N^: 5% 


20 


Temperature 


750 - 850'»C 




Pressure 


1,5 - 2:6 Kgf/an2 


25 


<Table 11> Gas i 


:low within f luidized bed type furnaces 




Furnace 


Magnitude . 










First furnace 


Flow velocity: 4.0 m/s 


30 


Second furnace 


Velocity in narrow portion: 0.4 m/s 
Velocity in expanded portion: O.l m/s 




Third furnace 


Velocity m narrow portion: 2.0 m/s 
Velocity in expanded portion: 0.5 m/s 
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Reduction experiments were carried out at the 
conditions of the above tables . Then it was found that the 
reduced iron began to be discharged at 60 minutes after the 
charging of the iron ore from the hopper into the first 
5 fluidized bed type furnace: The average reduction rate was 
88 - 92% regardless of the particle sizes. The average gas 
utilization rate was 30 - 32%, and the gas consumption 
rate was 1300 - 1400 NmVt-ore, while the f lielutriation 
rate was less than 5%. Thus a good result was obtained. 

10 

According to the present invention as. described above, 
the fine iron ore particles and the • intermediate/ coarse 
iron ore particles are separately reduced, and therefore, 
the fine particle treating loads of the cyclones are 
15 alleviated, thereby improving the fine particle removing 
capabilities. Therefore, a. fine iron ore having a wide 
particle size distribution can be reduced more efficiently 
with a less elutriation loss, 

20 



25 



30 
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WHAT IS CLAIMED IS: 



1. A fluidized bed type reducing apparatus for pre- 
reducing a fine iron ore with a wide particle size 
.5 distribution, comprising: 

a first fluidized bed type furnace 210 for carrying 
out a first reduction on only coarse/intermgdiate iton ores 
among fine iron ores of a wide particle size distribution 
by forming a bubble f luidizing bed after" their charge from 
10 a charging hopper, 205, while making fine iron ore 
particles fly away; 

a. second fluidized bed type ;furnace 220 for barrying 
out a second reduction on the coarse/intermediate iron ores 
; : . first-raduced by. said first fluidized bed type furnace 210. 
15 by forming;,a bubble fluidizing bed; 

a first cyclone 240 for capturing the • fine iron ore 
particles from a discharge gas discharged from said first 
fluidized bed' type furnace 210; . 

a second cyclone 250 for capturing the fine iron ore 
particles from a discharge gas dischatged from said second 
fluidized bed type furnace 220; 

a third fine particle fluidized bed type furnace 230 
for carrying out a second reduction oii the fine iron ore 
particles discharged from said first and sacohd cyclones 
240 and 250 by ..f oraing a bubble fluidizing bed; 

a third cyclone 260 for capturing extremely fine iron 

particle fluidized bed type furnace 230 to circulate them 
back to said. third fluidized bed type furnace 230; 

said first fluidized bed type furnace 210 being 
cylindrical;, a first gas distributor 212 being installed 
in a lower portion of it; a first reducing gas supplying 
pipe 253 beiiig connected to a. bottom of said first 
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fluidized bed type furnace 210, for supplying . the 
discharge gas of said second fluidized bed type furnace 220 
to use the gas as a reducing gas; a first charging pipe 
201 being connected to a side wall of said first fluidized 
5 bed type furnace 210, for supplying a fine iron ore from 
said charging hopper 205 to said first fluidized bed type 
furnace 210; and a first discharging, pipe 211 being 
connected to a side wall of said first furnace 210; for 
discharging first-reduced intermediate/ coarse iron ore 
10 particles; 

said first cyclone 240 being connected through a first 
discharger gas discharging pipe 213 to a top of said first 
fluidized bed type furnace 210; a first circulating pipe 
241 being connected to a bottom of said first cyclone 240, 

15 for circulating the f ine .. iron .ore particles of . the 
disqharge gas of said first fluidized bed type furnace 210 
to said, third fine particle fluidized bed type furnace 230; 
and ,a fourth discharge gas. discharging pipe, 243 being 
connected to a top of said first cyclone 240, for 

20 discharging a. discharge gas after its separation from the 
fine iron ore particles; 

said second fluidized bed . type furnace 220 being 
cylindrical, with a -second gas distributor 222 being 
installed within a lower portion of it; a second reducing 

25 gas supplying pipe 271 being connected to a bottom of said 
second fluidized bed type furnace 220/ for supplying a 
remcing~gasy~"a"¥iYst aischargrng'pip^^^ 

to said first fluidized bed type furnace . 210, for 
discharging a first-reduced, intermediate/coarse iron ore 
particles to said second fluidized bed type furnace 220; 
and a second- discharging pipe 221 being connected to said 
first fluidized . bed type furnace 210, for discharging 
second-reduced intermediate /coarse iron ore particles; 



30 
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said second cyclone 250 being connected through a 
second discharge gas discharging pipe 223 to a top of. said 
second fluidized bed type furnace 220; a second 
circulating pipe 251 being connected to a bottom of said 
first cyclone 240, for circulating the fine iron ore 
particles of the discharge gas of said second fluidized bed 
type furnace 220 to said third fine particle- fluidized bed 
type furnace 230; and a first gas supplying pipe 253 being 
connected to a top of. said first cyclone 24.0, for 
supplying the discharge gas to said first fluidized bed 
type furnace 210 after its separation from the fine iron 
ore particles;-, 

said . third fine particle fluidized bed type furnace 
230 coiiiprising an expanded portion 230a, a tapered portion 
15 230b and a narrow portion , .230c; a third gate distributor 
232 .being installed within - a. lower portion -of said narrow 
portion 230c; a third, reducing gas supplying pipe 272 
being connected, to a. bottom of said third fluidized bed 
type furnace 230, for supplying a reducirtg gas;, and a 
third dischargiiig pipe 231 being connected to a side, wall 
of said narrow, portion 230 c ^^ove said third gas 
distributor 232, f or . discharging reduced fine iron ore 
particles from said third fluidized bed type furnace 230; 
and. 

said expanded portion 230a of said third fine particle 
fluidized bed type furnace 230 being connected through a 

-t^h-iird--di:scha:rg^e— gffs-nltscKarginr^ 

cyclone. 260;. a third circulating pipe 261 being connected 
to a bottom of said third cyclone 260, for circulating the 
fine iron ore particles of the discharge gas of said third 
fine particle, fluidized bed type- furnace 230 back to said 
third fluidized bed type furnape 230; and: a fifth 
discharge gas discharging pipe 263 being connected to a top 



20 
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of said third cyclone 2 60, for discharging the discharge 
gas after its separation from the fine iron ore particles. 

2. The fluidized bed type reducing apparatus as 
5 claimed in claim 1, wherein said second circulating pipe 
251 communicates to said first circulating pipe 241, and 
said fifth discharge gas discharging pipe 263 is connected 
to said fourth discharge gas discharging pipe 243 . 

10 The fluidized bed type reducing apparatus as 

claimed in any one of claims 1 and 2, wherein said first 
and second fluidized bed type furnaces 210 and 220 have 
heights 10 - 15 times as large as their inner diameters ; 
said narrow portion 230c of sa^id third fluidized bed. type 

15 furnace 230 has an inner diameter same as that of a bottom 
of said .tapered portion 230b; said ..expanded portion 230a 
has an inner diameter same as that of a top of said tap4red 
portion 230b, aiid has an inner diameter 1.5 - 2.0 time^ as 
large as that of said narrow portion; said third fluidized 

20 bed type furnace 230 has an overall height 10 - 20.tijnes as 
large as the inner diameter of said harrow portion; said 
narrow portion 230c has a height 1.0 - 1.5 times as large 
as that of said expandfed portion 230a; and said tapered 
portion 230b has an inclination angle of 30 - 50*> relative 

25 to a vertical line. 

~ 4. '' a method for reducing a fine iron ore having a 
wide particle size distribution by using a fluidized bed 
type reducing apparatus', comprising the steps of.: 
30 carrying out a first reduction by a first fluidized 

bed type furnace 210 on only coarse/intermediate iron ores 
among fine iron ores of a wide particle size distribution 
by forming a bubble f luidizing bed after their chkrge from 
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a charging hopper 205, while making fine iron ore 
particles fly away; 

carrying out a second reduction by a second f luidized 
bed type furnace 220 on the coarse/intermediate iron ores 
after first-reduced by said first f luidized bed type 
furnace 210, by forming a bubble fluidizing bed; . . 

capturing by a first cyclone 240 and by a second 
cyclone 250 the fine iron ore particles from a discharge 
gas discharged from said first f luidized bed type furnace 
220 and said second fluidized bed type furnace 230; and 

carrying out by a third fine particle fluidized bed 
type furnace 230 a second reduction on the fine iron ore 
^. particles discharged from said, first and second . cyclones 
240 and 250 by forming a bubble fluidizing bed, and for 
^15 captur.ing. by a third cyclone 260 extremely fine iron ore 
^. particles from a discharge gas of said third fluidized bed 
\, type.;, furnace 230 to circulate them back to said third 
fluidized bed type furnace 230; 

characterized in that: : . 
20 a gas flow velocities within . said f irst . and second 

„ fluidized bed type furnaces 210 and 220 are 1.2-2.5 times 
as fast as a minimum: fluidizing velocity of an iron ore 
staying within said furnace; and 

gas flow velocities within said third fluidized bed 
25 type furnace 230 is 1.2 - 2 . 0 times as fast as a minimum 
fluidizing velocities of iron ores staying within said 
f ttr nerces": ' ' ''. ~ •— — . - 



5. A fluidized bed. type reducing apparatus for pre- 
30 reducing a fine iron ore. with a wide particle size 
distribution, comprising:. 

a first fluidized bed . type furnace 310 for carrying 
out a first reduction on only coarse/intermediate iron ores 
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among fine iron ores of a wide particle size distribution 
by forming a bubble f luidizing bed after their charge from 
a charging hopper, while making fine iron ore particles 
fly away; 

5 a second fluidized bed type furnace 320 for carrying 

out a second reduction on the coarse/intermediate iron ores 
after first-reduced by said first fluidized ■ bed type 
furnace 310, by forming a bubble f luidizing bed; 

a first cyclone 340 for capturing the fine iron ore 
10 particles from a discharge gas discharged from said first 
fluidized bed type furnace 310; . 

a second cyclone 350 .for capturing the fine iron ore 
• particles . from a discharge gas discharged from said secpnd 
fluidized bed type furnace 320; 
.15 a. third fine particle fluidized bed type furnace 330 

. for carrying out a second reduction on the f ifie . iron ore 
particles discharged from said first and second cyclones 
340 and 350 by forming a bubble f luidizing bed; 

a third cyclone 360 for capturing extremely fine iron 
20 ore piarticles- from a discharge gas of said, third fluidized 
bed type furnace 330 to circulate them back to said third 
fluidized bed type furnace 330; 

said, first fluidized bed type furnace 3.10 being 
cylindrical; a first gas distributor 312 being installed 
25 within a lower portion of it; a .first reducing gas 
swplying pipe 355 being connected to a bottom of said 
"'. ~ f Irst IXurdiz~ed bed ' type"" f ur na^^^ f or sut>ply^^ 

discharge gases of said second and third fluidized bed type 
furnace 320 and 330 to use the gases as reducing gases; a 
30 first charging pipe 301 being connected to a side wall of 
said first fluidized bed type furnace 310, for supplying 
a fine iron ore and a flux such as lime stone to said first 
fluidized bed type furnace- 310; and a first discharging 
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10 



,15 



20 



25 



pipe 311 being connected to a side wall of said first 
furnace 310, for discharging the first-reduced 

intermediate/coarse iron ore particles to said second 
fluidized bed type furnace 32 0; 

said first cyclone 340 being connected through a first 
discharge gas discharging pipe 313 to a top df said first, 
fluidized bed type furnace 310; 

a first fine iron ore particle supplying pipe 343 
being connected to a bottom of said first cyclone 340, for 
circulating the fine iron ore particles of the discharge 
gas of said first fluidized bed type furnace 310 back to 
said first fluidized bed type furnace 310;. a second fine 
iron ore particle supplying, pipe . 342 being, connected to 
said first fine iron ore particle supplying pipe 343, for 
supplying fine iron ore particles, to said third 

fluidized bed type furnace 330; a first two-way . valve 341 
being to connected to a. connecting portion between said 
first and second fine iron ore. particle supjplying pipes 343 
and 342; a sixth discharge gas discharging pipe 344 being 
connected to a top of said first cyclone .340, for 
discharging a discbarge gas after its separation from ttie 
fine iron ore particles;' and said sixth discharge gas 
discharging pipe 344 communicating to a wet ..type dust 
remover 3i90; 

said second fluidized bed type furnace 320 being 
cylindrical, with a second gas distributor 322 being 



30 



-ii»ta±i-ed-w±tlrrn--a--loWr PQrtioH-5fTt;~T"i¥c"^nd reducing" 
gas supplying pipe 371 bging connected to a bbttbm of said 
Second fluidized bed type furnace 320, for supplying a 
reducing gas; a first discharging pipe 311 being connected 
to .a side wall above said secpnd gas distributor 322, for 
supplying the intermediate/qparse iron ore particles first- 
reduced by said first fluidized bed type furnace 310; and 
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a second discharging pipe 321 being connected to a side 
wall above said second gas distributor 322, for 
discharging a second-reduced intermediate/coarse iron ore; 
said second cyclone 350 being connected through a 
5 second discharge gas discharging pipe 323 to a top of said 
second fluidized bed type furnace 220; 

a third fine particle supplying . pipe 353 ^ being 
connected to a bottom of said second cyclone 350, for 
supplying the fine iron ore particles of a discharge gas of 

10 said second fluidized bed type furnace ' 320 back to/said 
second fluidized bed type furnace 320; a fourth fine 
parti.cle supplying/ pipe 354 being connected to said third 
fine particle supplying, pipe 353, for supplying the. fine 
iron ore particles to said third fluidized bed type furnace 

15 330; and a second two-way valve 352 being installed at a 
connection portion between said third and fourth fine 
particle supplying pipes 353 and 354; 

said third fluidized bed type furnace 330 being 
cylindrical; a third gas distributor 332 being' installed 

20 within a lower portion of said third furnace 330; a third 
reducing gas supplying pipe 372 being connected to a bottom 
of said third fluidized bed type furnace 330, . for 
supplying a reducing gak; and a third discharging pipe 331 
being connected to a side wall above said third gas 

25 distributor 332,- . for discharging . reduced f ine iron ore 
particles; and 

a top of said third fine particle fiuidized bed type 
furnace 330 being connected through a third discharge gas 
discharging pipe 333 to said third cyclone 36.0; a fifth 

30 fine . particle supplying pipe 361 being connected, to a 
bottom of said third cyclone 360, for supplying fine iron 
ore particles of a discharge gas of said third fluidized 
bed type furnace 330 back to said third fluidized bed type 
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furnace 330; a fifth discharge gas discharging pipe 362 
being connected to a top of said third cyclone. 360, for 
discharging the discharge, gas after its separation, from the 
fine iron ore particles; and said fifth discharge gas 
discharging pipe 362 communicating to said first reducing 
gas supplying pipe 355.. 

. 6 : The f luidized bed type reducing apparatus . as 
claimed in claim 5, . wherein said second and third reducing 
gas supplying pipes 371 and 372 are provided with first and 
second flow rate adjusting valves 375 and 377 respectively^ 



7 . The fluidized bed type reducing appareitus as 
claimed in any one of claims 5 and 6, wherein said first 
15 and second fine iron ore particle supplying pipes. 343 and 
353 extend into lower portions of said first and second 
fluidized bed type furnace 310 and 320 respectively. 



8. A method, for reducing a fine iron ore by using a 
fluidized t^ed type reducing apparatus of claims 5 to 7, 
; comprising the steps Of: 

carrying oiit a first reduction on coarse/intermediate 
iron ore particles among the fine iron ore charged into a 
first f luidizfed bed type furnace 310 by using discharge 
25 gases of second and third fluidized bed type furnaces 320 
and 330; recirculating jEine iron ore particles of a first 



cyclone 340 by opening a two-way valve 341 toward said 
first fluidized bed t^e furnace 310 at an initial stage; 
and opening said first two-way valve 341 toward said third 
fluidized bed type furnace 330 upon reaching a normal 
operation stage with a constant fluidizing height, so as 
to charge the fine iron ore particles into said third 
fluidized bed type furnace 330; 
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carrying out a final reduction on the 
coarse/intermediate iron ore particles by using a reducing 
gas incoming through €l bottom of said furnace after the 
first reduction by said first fluidized bed type furnace 
310; opening a second two-way valve 352 toward said second 
fluidized bed type furnace 320 to circulate fine iron ore 
particles after their capture by said second cyclone 350 
back to the said second fluidized bed type furnace 320 at 
an initial stage; and opening said second two-way valve 
352 toward said third fluidized bed type furnace 330 upon 
reaching a normal operation stage with a constant 
. fluidizing height, so as to charge the reduced^ fine iron 
..ore particles into said, third fluidized bed- type furnace 
330; and 

15 carrying out a. final reduction on the pre-reduced f ine 

iron ore particles of said third fluidized bed type furnace 
.330 after their charge into said f urnace ;3 30 .after being 
captured by said first and second cyclones 340 and: 350. 

20 9. The method as claimed in claim .8/ wherein said 

first and second two^-way valves 341 and: 352 are 
inter lockedly opened/closed so as to charge the pre-reduced 
fine iron ore into said third fluidized bed type furnace 
330. 
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10. The method as claimed in any one of claiins 8 and 
9/ wherein reduced fine ore particles discharged from said 
third fluidized bed type furnace 330 are fed into said 
melter-gasifier 380 by said melting burner 335; and 
intermediate/coarse iron ore particles discharged from said 
second fluidized bed type furnace 320 are also charged int 
said melter-gasifier 380. 
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11. The method as claimed in any one of claims 8 and 
9, wherein gas flow velocities within said first and 
second fluidized bed, type furnaces 310 and 320 are 1.5 - 
1.7 tiroes as fast as a minimum fluidizing velocity o£ an 
iron ore staying within said furnaces; and. 

a gas flow velocity within said third fluidized bed 
type furnace 130 is. 1.3- 1.5 times as. fast as a minimum 
fluidizing velocity of an iron dre staying within said, 
furnace. 



.^2' : ^'^^ method as claimed in claim. 11, wherein a 
. reducing gas temperature within the fluidizing layer of 
^ , . said first fluidized bed type furnace 310 is controlled to 
a range of 750 - SOOoc, and reducing gas temperatures 
15 within the fluidizing layers of said second and third 
j!;: : ^^^^^^2ed bed type, furnaces 320 and 330. are controlled to 
;.v a range of 840 - 860°C. 



13. The method as claimed in claim 10, wherein gas 
flow velocities within said first and second fluidized bed 
type furnaces 310 and 320 are 1.5 - 1.7 tijnes as fast as a. 
.minimum fluidizing Velocity of ah iron ore staying within 
said furnaces; 

a gas flow velocity within said third fluidized bed 
type furnace 130 is 1. 3 - 1;5 times &s fast as a minimum 
fluidizing velocity of kn irton ore staying within said 
"furnace; " " ■ 
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a. reducing gas temperatiire within the fluidizing layer 
of said first fluidized bed type furnace 310 is controlled 
to a range of 750 .B00°C; and 

reducing gas temperatures within the fluidizing layers 
of said second and third fluidized bed type furnaces 320 
and 330 are controlled to a range of 840 - 860oc. 
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14. A fluidized bed type reducing apparatus for pre- 
reducing a fine iron ore with a wide particle size 
distribution, comprising: 

a first fluidized bed type furnace 410 for receiving 
5 a reducing gas through its bottom, and for receiving a 
fine iron ore through a charging hopper 405 and a first 
charging pipe 401, to carry out a first reduction on only 
coarse/intennediate iron' ores among fine iron ores by 
forming a bubble fluidizing bed, while making fine iron 
10 ore particles fly away; 

a second fine particle fluidized bed type furnace 420 
with a v;ide top and a narrow bottom, ^for carrying out a 
first reduction on the fine iron ore pafticies. discharged 
from said first fluidized bed type furnace, by forming a <. 
15 bubble fluidizing bed; . 

a third fluidized bed type furnace 430. for carrying 
out a second reduction on the intermediate/coarse iron ore 
particles first-reduced by the first fluidized bed type 
. furnace and on the fine iron ore particles first-reduced by 
20 the second fluidized bed type furnace^ by forming a bubble 
fluidizing bed;' 

a first cyclone 440 for capturing the extremely fine 
iron ore particles cohtained in a discharge gas of the 
second fluidized bed type furnace 420, and for supplying ^ 
25 them back to. the second fluidized bed type furnace 420; 

a second cyclone 450 for capturing an extremely fine 
iron ore contained in a discharge gas of said third 
fluidized bed type furnace 430, to supply a part of it 
back to said third fluidized bed type furnace 430, while 
30 discharging a remaining part, and discharging the 
discharge gas through. its top after its-separation from the 
fine iron ore particles; 

said first fluidized bed type furnace 410 being 
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cylindrical; a first gas distributor 412 being installed 
within a lower portion of said first f luidized bed type 
furnace 410; a first gas supplying, pipe .414 being 
connected to a bottom of said first f luidized bed type 
furnace 410, for supplying a reducing gas. into said 
furnace 410; a first charging pipe. 4 01. being connected to. 
a side wall of said first f luidized bed type furnace 410, 
for supplying a fine iron ore and ai flux, such as lime stone 
into said first . f luidized bed type furnace 410;. a first 
discharging pipe 411 being connected to the side wall of 
said first. f luidized bed type furnace 410/. for discharging • . 
^i^s.t-reduced intermediate/coarse . iron ore particles into- " • 
said third ; f luidized bed type furnace 430; and a . f irst 
circulating pipe 415 being connected to a side wall of said 
15. first f luidized bed . type furnace 410 above said first 
discharging pipe 411, for supplying the elutriated . iron 
ore particleB. to said second fluidiz.ed bed type furnace 
420; 

said second fine particle f luidized bed type furnace 
420 having a. wide top portion and a narrow bottom portion, 
and including an expanded portion 420a, : a tapered portion 
420b and a narrow portion 420c; a second gas distributor 
422 being installed within the narrow portion 420c; and a 
second reducing gas supplying pipe 427 being connected to 
25 a bottom of . said second f luidized bed type furnace. 420, 
for supplying a discharge gas of said third f luidized bed 
t^ype"~furFaFe"4^ " 

a second discharging pipe 421 being connected to a 
side wall: of said narrow portion 420c above said second gas 
30 distributor .422, for discharging the first-reduced fine 
iron ore particles; said second discharging pipe 421 
extending into a narrow portion 430c of. said third 
f luidized bed type furnace 430, and in this manner, said 
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second and third fluidized bed type furnaces 420 and 430 
coiranuni eating, to each other for circulations of the iron 
ore; a first circulating pipe 415 being connected to a 
side wall of said narrow portion 420c above said second gas 
5 distributor 422, for supplying into said second fine 
particle fluidized bed type furnace 420 the fine iron ore 
particles (which have been elutriated from the first 
fluidized bed type furnace 410 and which have been captured 
by the first cyclone 440); and said expanded portion 420a 
10 of said second fine particle fluidized bed type furnace 420 
. . connected through a first discharge gas discharging 

pipe 423 to said first cyclone 440; : . 

. 5 circulating pipe 441 below the ;f irst cyclone 

440 connnunicates.to the first circulating pipe 415; arid a 

15 , second discharge gas discharging pipe 443 beiiig connected 
to. the top of the. first cyclone 440, for discharging the 
discharge gas which has been separated from the fine .iron 
ore particles; 

a: gas reforming system 460 being provided to reform a 

20 part of the discharge gas of said first cyclone 440 so as 
to circiilate.it to sa:id first arid second fluidized bed type 
furnaces 410 and 420; and said gas reforming system 460 
being made to communicate through a reformed gas supplying 
pipe 462 to said fourth discharge gas discharging pipe 453, 

25 and being made, to communicate through a dischargis gas 
circulating pipe 461 to said second discharge gas 
discharging pi^^ ' ~ " 

said third fluidized bed type furnace 430 comprising 
an expanded . portion 430a, a tapered portion 430b arid a 
30 narrow portion 43Qc, its top portion being wide and its 
bottom portion being narrow; a gas dispersing plate 432 
being installed within said narrow portion 430c; a third 
reducing gas svpplying pipe 436 being connected to a bottom 
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of said third fluidized bed type furnace 430, for- 
supplying a reducing gas; a fourth discharging pipe 431 
being connected to a side wall of said third fluidized bed 
type furnace 430; and said expanded portion 430a of said 
5 third fluidized bed type furnace 430 being connected 
through a third discharge gas discharging pipe 433 to said 
second cyclone 450/ 

one end. of a . first discharging pipe 411. being 
connected to a side wall of said narrow portion 430c above 

10 said gas . distributor 432; another end of said first 
discharging pipe 411 being connected to a .side wall of said 
third fluidized bed type furnace 430;- one end of a second 
discharging pipe 421 being connected to a side wail of said 
second fluidized bed type furnace 420; and another end of 

15 it extending into said narrow portion 430c of said third 
fluidized. bed, type furnace 430; and 

^ Ripe 451 being connected to a bottom of 

said second ..cyclone 45,0; said circulating pipe 451 being 
... also connected to: a third circulating pipe 454 for 
2.0 circulating . a part . of the fine iron ore particles 
(contained in the discharge gas of said third, fluidized bed 
type furnace 430) back to said, third fluidized bed type 
furnace 430, ,. and a third discharging pipe 455 for 
discharging the rest .of the fine iron ore particles to ah 
25 outside; and a rotary gate 452. being connected to . a 
position wheqre said circulating : pipe 451, said third 
c'iTrcu-larilfg-pip^^?4"OT 
are connected together. 



30 



15. .The -fluidized bed type reducing apparatus as 
claimed in claim 14, wherein said first fluidized bed type 
furnace 410 , has a height 10 - 20 times as large as its 
inner diameter; said narrow portions. 420c and 430c of said 
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second and third fluidizfed bed type furnaces 420 and 4 30 
have inner diameters same as those of bottoms of said 
tapered portions 420b and 430b; said expanded portions 
420a and 4 30a have inner diameters same as those of tops of 
said tapered portions 420b and 430b, and have inner 
diameters 1,5 ^ 2-0 times, as large as those of said narrow 
portions; said second and third fluidized bed type 
furnaces 420 and 430 have overall heights 10 - 25 times as 
large as the inner diameters of said narrow portions; said 
narrow portions 420c and. 430c have heights 1.0 - l.s times 
as large as those of said expanded portions 420a and .430a; 
and said tapered portions 420b . and 430b have inclination 
angles of .30 - 50.° relative, to a. vertical line. 

The fluidized ..bed . type reducing apparatus ..as 
claimed , in any . one of claims 14 and 15, wherein a melter- 
gasifier 480 receives a second-reduced iron. from said third 
fluidized bed type furnace 430 to melt-reduce it so as to 
manufacture pig iron; and 

20 a top of said melter-gasifier 480 being connected 

through a fifth discharge ^as- discharging pipe 481 to said 
third cyclone .484; a fourth circulating pipe 482 being 
connected , to. a bottom of said third cyclone 484, to make 
the fine iron ore particles (contained in the discharge gas 

25 of the melter-gasif ier 480) circulated back to said melter^ 
gasifier 480; a third reducing gas supplying pipe 436 
being connected to a top of said third cyclone 484, for 
discharging the- . discharge gas; said third reducing gas 
supplying pipe 436 being connected to a bottom of said 

30 .third fluidized bed type furnace 430, for supplying the 
discharge gas of said melter^-gasif ier 480 to said third 
furnace 430; and said fourth circulating pipe 482 
communicating. to said third discharging pipe 455. 
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The f luidized bed type reducing apparatus as 
claimed in claims 16, wherein a screw conveyor 435 is 
installed at a side of said third f luidized bed type 
furnace 430, for discharging a finally reduced iron to the 
5 outside; and 

said fourth discharging pipe 431 is connected through 
said screw conveyor 435 to said third- f luidized bed • type 
furnace 430. 

^° ^ method for pte-reducing a fine iron 6re by 

using a f luidized bed type reducing apparatus-- 
chafacterized in that: 

a gas flow velocity within a first f luidized bed type 
furnace 410- is. 1.2 - 3.5 times as fast as a minimtun 
fluidizing velocity of iron ore particles staying within 
said furnace, to efficiently separate fine iron ore 
particles from intermediate/coarse iron ore particles, and 
to efficiently f luidize them; , gas flow velocities 
within second, and third f luidized bed type furnaces 420 and 
430 are 1.2 ^ 2.5 times as fast as a minimum fluidizing 
velocity, of iron ore particles staying withih said 
furnaces, this being an optimum velocity of a bubble 
fluidizing bed. 
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